Background: There is a logistical gap in the first section of the apple supply chain that affects the temperature profiles of apples further downstream in the supply chain.
Introduction
According to J. Jordan (pers. comm., 26 February 2015) , quality control manager at Goede Hoop Vrugte and previous inspection employee of the Perishable Products Export Control Board (PPECB), the temperature profile of apples is important for the grower to take note of, because it directly impacts the quantity and quality of fruit yield. Various factors play a role in affecting the temperature profile of apples. According to Thompson (2002) , the most important factor to consider is temperature. Other factors include geographical location, loading and unloading practices, transportation methods and the time of day that the fruits are harvested (Food and Agriculture Organisation of the United Nations 2016; Jordan 2015; Siddiqui, Zavala & Hwang 2016) . In this study, the geographical locations of farms investigated are located in the Kouebokkeveld, Droëhoek and Ceres valleys. In addition, the different methods of loading, unloading and transportation on and from each of the three farms and the centralised cold storage facility used by all three farms are examined. The trade-off between the time of picking and fruit quality is also considered.
There is a logistical gap in the first section of the supply chain that influences the temperature profile of apples (Haasbroek 2013) . Temperature variation comes in extreme forms in the Ceres district and directly influences the apples' maturity and temperature profile. Winter temperatures can plummet to below 5 °C, whilst the temperature in summer can reach beyond 40 °C (Ceres.org. za 2015) . It is necessary to stay up-to-date and informed of the change in climate and processes that are followed on farms with respect to the temperature profile of apples. Different growers utilise diverse supply chains and each has their own unique way to perform optimally. This article focuses on the first section of the apple supply chain. There are very little recent academic research or journal articles on this topic because of its specific nature, and growers do not have the time during the harvest season to run tests on the temperature profile of apples (Jordan 2015) .
Best practices with regard to the temperature profile of apples from a logistical perspective are essential. This research was conducted in the Ceres district with specific focus on two apple varieties, namely Golden Delicious and Granny Smith, and on three different farms (referred to as Farm A, Farm B and Farm C to protect the confidentiality of the farms). If the best practices are not in use on farms, or at the centralised cold storage facility, it may have a serious influence on the product outcome (J. Valentine, pers. comm., 24 February 2015) .
The following section provides a literature review on the apple industry and the logistical challenges faced in terms of the temperature profile of apples (Golden Delicious and Granny Smith). It provides guidelines set out by the PPECB that are put in place to help ensure that the best practices are followed with regard to the temperature profile of apples. Temperature trials were conducted on each variety on the three different farms. Analysis of the data is provided and problems identified during the first 48 hours after harvest are discussed. This article concludes by highlighting the reasons why certain farms perform better.
Literature review
According to Jobling (2002) , the most significant factor in post-harvest management is temperature management. Even small deviations from the required temperature can significantly impact the shelf life of fresh produce and its value (Intelliflex 2012) . Therefore, any temperature break at any stage along the cold chain will result in a reduction in shelf life. The longer the cold chain is broken, the greater the impact will be on the shelf life of the fruit. In addition, frequent short breaks in the cold chain can be as damaging to the shelf life of the fruit as one long break (M. Dodd, pers. comm., 13 July 2015), and temperature breaks are additive (Goedhals-Gerber 2015).
According to Thompson et al. (2008) , temperature has the greatest influence on apple's deterioration rates, potential market life and fruit quality (confirmed by the Department for Environment, Food and Rural Affairs, n.d.). All perishable products have a finite lifespan and their quality is constantly deteriorating from the moment of harvest. Fruit quality directly influences the price of the product, and any rise in the temperature of the product above the optimum pulp level will increase the deterioration rate, resulting in a reduction in fruit quality and price (Kansal 2014 ).
According to Arin and Akdemir (2004) , in practice, cooling down fruit to its optimum pulp temperature is the most active method to slow down the ripening process of fruit and vegetables. However, it is important to note that the cold chain can only preserve and not improve the quality of perishable products after harvest (Freiboth et al. 2013) .
Each farm has their own supply chain regarding apple handling, transport and storage. A generic apple supply chain from picking until 48 hours post-harvest is explained. Factors that can affect the temperature profile of apples must be considered, including the geographical location of farms, different methods of loading, unloading and transportation, and the trade-off between the time of harvesting and fruit quality.
A generic apple supply chain
Apples are picked in the early morning or during the day, depending on whether the apple must be picked urgently or not and whether the maturity and temperature are at the right level. The first section of the supply chain of apples begins at the farm where the apple is harvested into a picking bag (Haasbroek 2013) . From here, the picker empties the picking bag filled with apples into a wooden bin lined with plastic to prevent bruising and rubbing and to keep the ambient temperature at a reasonably cold level (Birch 1993) . These bins are typically placed on a tractor-trailer combination, usually five trailers with a bin on each trailer and positioned in or just outside the orchard.
After the five bins are filled, the tractor transports the apples to the area where the bins are loaded onto a truck, which transfers the apples to a temporary cold storage facility on the farm. This is usually a farm pack house, a loading bay next to the orchard or a general fruit storage facility where the apples are temporarily stored before they are transported to the centralised cold storage facility used by the farm (Birch 1993) . The apple bins are transported within 24 hours and unloaded at the cold storage facility (Crouch 2003) . The bins are put in either controlled air (CA) rooms for long-term storage or regulated air (RA) rooms for temporary storage (Bartsch & Blanplied 1984) . Figure 1 illustrates a supply chain of an apple from harvest until 48 hours later, starting by picking the fruit and placing the iButton ® device inside and outside of the apple and ending when the 48 hours after picking is completed. In between, there are a number of segments, including the staging of bins after the apples have been picked, the loading of bins on the farms, transporting to the centralised cold storage facility and unloading the bins into cold storage for the remainder of the 48 hours.
Geographical location of the fruit farms under investigation
Research conducted on Kiwi fruit by Mowat and Kay (2007) showed that variations in fruit quality occur between orchards and growing regions. Shahidi et al. (2004) identified that the geographical location of the fruit farms has an impact on the quality of citrus fruit, whilst Siddiqui et al. (2016) agreed that the geographical location of the farm where the fruit is grown impacts the quality of the fruit.
The geographical location of the three farms used in this research is spread out over the Ceres district. These farms were chosen to compare different areas within the district with one another. Different areas have different climates (P. De Vries, pers. comm, 03 March 2015) . Farm C, 52 km away from the centralised cold storage facility, is situated in the Kouebokkeveld area where it is usually colder than any other area in the district. Farm A, 34 km away from the centralised cold storage facility, is situated in the Droëhoek area, and Farm B, 9 km away from the centralised cold storage facility, is situated in the Ceres valley.
Transportation systems and handling methods
The globalisation of the trade of perishable products is creating a need for better transportation systems and handling methods to preserve produce quality (Vigneault et al. 2009 ). Loading, unloading and transportation jolts cause bruising. Therefore, it is recommended to use cushioning material to preserve the post-harvest quality of fresh produce (Ahmad & Siddiqui 2016) . According to the Food and Agriculture Organisation of the United Nations (2016), the method of transportation of fruit from the farm to the pack house influences the quality of the product at the final destination.
All three farms use different handling techniques for loading, unloading and transporting apples from the farm to the centralised cold storage facility. Some of the farms make use of a pack house to temporarily store their fruit; whilst others use a loading bay close to the orchard to load (usually between 18 and 68 bins) and transport the apples to the centralised cold storage facility.
Time of harvest
Harvesting apples at just the right time is essential, not only to obtaining the highest quality fruit but also to maximise the storage life. Each apple variety has its own maturation time and can be influenced by weather conditions during the growing season (Grant 2016) . The trade-off between the time of harvesting and fruit quality must be made. According to Crouch (2003) , Golden Delicious apples are picked later in the morning once the dew has evaporated from the fruit to improve the fruit quality (confirmed by Jordan 2015). This has a major impact on the temperature profile of apples. Time of harvesting apples is crucial and one must choose between maintaining a low temperature by harvesting in the early morning or ensuring there are fewer bruises and a better quality fruit by waiting for the dew to dry out (Crouch 2003) . Keeping the apples at a standard cooling temperature also slows down decay by reducing the rate of perspiration and minimising water loss (Ngcobo 2010) .
Problem investigation and research objectives
The temperature profile of apples is vital to growers, because it directly impacts either the quality or quantity of harvest (Jordan 2015) . Three farms in the Ceres district were investigated along with two different varieties of apples. As mentioned in the introduction section, the geographical location of farms, different methods of loading, unloading and transportation on and from farms to the centralised cold storage facility, and the trade-off between the time of picking and fruit quality could have an impact on the temperature profile of apples. When these methods are compared with best practices, PPECB protocols and Hortgro standards, possible gaps can be seen (Hortgro 2015) . Hortgro set standards on how to effectively optimise the apple supply chain according to certain temperature levels. This article focuses on the first section of the apple supply chain. The literature review shows that there are different supply chains for each grower and each has their own unique way to perform optimally. This article's main objective is to confirm whether the logistics processes, in terms of the temperature profile of apples from the picking process until 48 hours post-harvest, have an influence on the yield and/or quality of the fruit. There are three subobjectives. Firstly, to determine whether the different handling techniques for loading, unloading and transportation on and from farms to the centralised cold storage facility impact on the temperature profile of apples. Secondly, to establish whether the geographical location of farms in the Ceres district has an impact on the temperature profile of apples and, lastly, to identify the optimal trade-off between the time of harvesting and fruit quality, specifically for the Golden Delicious apple variety.
Research method
This article is approached as a case study. An empirical methodology was followed to conduct the research.
Primary and secondary data were used in this study. A literature review was performed to obtain a better understanding of existing research (secondary data) in the field of the temperature profiles of apples. Secondary data were collected and analysed from a variety of sources, including journal articles and research reports, Hortgro, Experico, theses and farms in the Ceres district. In addition, the PPECB protocols and Hortgro standards were used to compare the supply chains of each farm to identify whether the farms operate according to the generic standard. In these protocols and standards documents, there are temperature metrics that were used to compare the farms accordingly.
Primary data were collected through observations, surveys, interviews and temperature trials. Temperature trials were conducted to determine whether the temperature profiles differ from the three farms in the Ceres district. Temperature recording devices (Maxim's iButton ® ) were used to determine the temperature profile throughout the first section of the supply chain. These devices were placed both on the inside and on the outside of the apples to monitor and record the temperature reading every minute. The picking of apples took place between 08:00 and 09:00. Observations were made and informal interviews were conducted to obtain the perspective of people in the industry regarding the temperature profile of apples. After the temperature trials, the data were converted from the iButton ® software into an MS Excel format, analysed and presented in a format that answers the research objectives.
Research design
The temperature trials were essential for this case study and indicated the temperature profiles of the different varieties of apples from the three different farms. To compare and analyse the results, the trials had to be conducted in exactly the same format. One trial was set up for each apple variety and repeated for each of the three different farms. Because of the short timeframe available, only one temperature trial for each apple variety was conducted at the three farms.
In every trial, 10 apples were picked from a certain orchard block to use in the trials. The iButton ® device was placed on the inside and the outside of the apples between 08:00 and 09:00 on the morning of the specific trial day. Masking tape was used to tape the iButton ® onto the outside of the apple. The masking tape was very thin to minimise the insulating effect it would have on the apple. The differences in temperature between the inside and outside of the apple (refer to Figure 2 ) indicate that the iButton ® device is a very sensitive temperature-measuring device. After the iButton ® device was inserted, the process was followed until the Source: Hortec, 2015, Designed and managed martin-endemann.com 
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HoƩest Coldest apples eventually reached the central cold storage facility. Once the data from the trial were analysed and sorted, clear information regarding the temperature profile of apples from different farms was identified. Although all three farms have a somewhat similar way of harvesting the two varieties of apples, there were vast differences in the results observed.
Results
Impact on the apple temperature profile for the different handling techniques
As mentioned previously, different ways of loading, unloading and transporting apples were observed at the three farms. These handling techniques and the way the apples were treated influence the temperature profile of apples. To check whether these farms perform well and that the necessary steps are taken with regard to the temperature profiles of the apples, every trial is compared to the best practice and PPECB protocol standards of cooling down apples for export. In Table 1 , the PPECB export-qualifying specifications regarding ideal and minimum cold storage conditions for Golden Delicious and Granny Smith apples are tabulated.
The typical starting times for picking on the three different farms differ from one another. Farm A and Farm C usually start at 07:00 and Farm B only starts at 08:00 (A. Myburgh, pers. comm., 03 March 2015) . In order to compare the temperature trials, the similar picking time had to be chosen.
Figures 2 and 3 indicate the average temperature inside and outside of the 10 different apples per trial per variety recorded by the iButton ® device every minute. According to Table 1 , the average temperature of the apples at 08:00 is higher than the average temperature in the orchard. This difference was caused by the researcher's body heat whilst placing the iButton ® on the inside and outside of the apple. Although the Granny Smith average inside and outside temperatures are above the average of Golden Delicious, as can be seen in Figure 3 , the Granny Smith apples cooled down much faster over the period of 48 hours. This is because Granny Smith apples are more sensitive to any fluctuations in temperature, whilst Golden Delicious apples maintain a consistent temperature for much longer (Crouch 2003) . With reference to Figure 2 , the weather and temperatures at Farm B allowed the Golden Delicious and Granny Smith apples to cool down the fastest within the 48 hours. This is mainly because both varieties were offloaded at the cold store earlier in the day than the other two farms. This is most likely because Farm B is the closest to the centralised cold storage facility (9 km). Farm A's fruit cools down the slowest, because the fruit is only brought in during the middle of the day, when the hottest temperature of the day occurs. Despite Farm C being the furthest away from the centralised cold storage facility, it manages to deliver the fruit to the centralised cold storage facility just before the hottest time of the day. Figure 2 , Farm B managed to reach the prescribed protocol within the ideal cold storage conditions for Granny Smith apples and the minimum cold storage conditions for Golden Delicious apples, as shown in Table 1 . Farm C managed to reach the minimum cold storage conditions for both varieties, but only the Granny Smith apples from Farm A achieved the minimum cold storage conditions. Other possible reasons for the temperature fluctuations within the 48 hours after picking are: the physical orchard, size of picking teams, efficiency of pickers, storage of fruit until it is loaded for transportation to the centralised cold storage facility, number of forklifts, truck availability and size, loading efficiency and general transport (Jordan 2015).
According to
In addition, Farm C is not as dense as Farm A and Farm B under the fruit trees and it is easier to access the trees to pick faster and more effectively. Farm C has four picking teams of 10 people per team in one orchard for either Golden Delicious or Granny Smith, whilst Farm A and Farm B have two picking teams of 10 people per team in one orchard. Whilst tractors transport the apples out of the orchard, only Farm C places a woven mat over bins to keep the temperature more consistent and the apples out of the direct sunlight. Pickers at Farm A and Farm C are paid an amount per picking bag and therefore Cooled to 3 °C (or colder) within 48 hours after harvest and maintain this for 10 days. Then cool to -0.5 °C as quickly as possible work more efficiently than at Farm B, where according to the black economic empowerment policy, the workers at the latter receive a fixed salary. With a fixed salary, there is less incentive to work efficiently. However, there are a minimum number of bags that the workers are required to pick to qualify for their full salary. Farm C makes use of a loading bay, where the Granny Smith apples are left in the sun before being transported to the centralised cold storage facility, whilst the Golden Delicious apples are temporarily stored in a large storage facility on the farm. The differences in the temperature of the apples (despite the weather conditions) can be seen in Figure  2 , that is, Farm B achieved better results than Farm C even though it experienced warmer weather on the day of the trial. Farm A uses a large storage facility, whilst Farm B uses a loading bay under the trees. Farm C uses six forklifts, whilst Farm A uses four and Farm B only uses one to load bins onto trailers or trucks. Farm C uses four trucks that fit 68 bins on, whilst Farm A uses two trucks with the same capacity and Farm B uses one truck that fits 20 bins on it. Farm C can, therefore, transport bins much faster than Farm A and Farm B.
The volumes handled on the three different farms are similar.
The effectiveness of pickers, storage facilities on the farm and the availability of trucks to transport the fruit quickly from the farms to the centralised cold storage facility, irrespective of the distance, plays an influential role in the variation of the temperature profile of apples. This can be seen in Figure 3 .
Impact of the geographical location of farms on the temperature profile of apples
The findings of the case study indicate that the geographical location of farms in the Ceres district has an impact on the temperature profile of apples. Farm C is 52 km away, the furthest from the centralised cold storage facility. Farm A is 34 km away and Farm B is 9 km away. During the transportation phase between the farms and the centralised cold storage facility, the total temperature changes for the two respective days vary from 2.99 °C -3.65 °C for Farm C, 1.45 °C -1.76 °C for Farm A and 0.67 °C -1.2 °C for Farm B (shown in Figure 4 ). This indicates, from a logistical point of view, that the fruit became warmer from the time the apples were picked and left the orchard on a tractor until they were unloaded at the centralised cold storage facility. The transport time differs from each farm and that could influence the temperature change. The height above sea level and where the farms are situated also play a role in the fruit temperature. Figure 4 (De Vries 2015).
Optimal trade-off between the time of picking and fruit quality
The trade-off between time of harvesting in the early morning and fruit quality must be made. The early morning temperature is quite low in the Ceres district. This is ideal because the faster the apples are picked and transported to the cold storage facility, where the temperature to the optimum level prescribed by the PPECB, the higher the quality of the fruit yield. As the day passes, the temperature of the apples rises and it becomes more difficult to achieve the recommended -0.5 °C within 48 hours. However, according to Crouch (2003) , bruise prone fruits such as Golden Delicious apples are picked in the late morning when the dew has evaporated from the fruit and the temperature of apples are higher, causing less damage. Bruising is one of the main factors affecting the fruit quality of Golden Delicious apples (Zarifneshat et al. 2010 ).
According to Findlay (1992) , as the Golden Delicious apple becomes softer and more mature, because of higher temperatures resulting in a higher deterioration rate, the potential for bruising increases. Apples picked after rain or with soil moisture at full capacity will bruise far more easily than when picked on a falling moisture regime (Findlay 1992) . The orchards at Farm A and Farm B are denser than Farm C, which causes a lot more moisture in the early morning, not only on the apples, but it also has a great influence on the soil moisture. Apples picked in the early morning bruise more easily than those picked after they have warmed up during the day (Findlay 1992) . The average temperature at 06:00 on the days of the trials was 7.34 °C, whilst at 10:00 it was 13.41 °C. As mentioned above, Golden Delicious apples maintain their temperature much more consistently than other apple varieties (Jordan 2015).
Time of harvesting apples is crucial and one must choose between maintaining a low temperature by harvesting in the early morning or ensuring there are fewer bruises and a better quality fruit by waiting the dew out. This is where the trade-off comes in between harvesting in the early morning for optimum temperature or later to obtain higher fruit quality.
Conclusion
The study identified that logistic processes have an impact in terms of the temperature profile of apples in the first 48 hours post-harvest. The analysis of the temperature trials, observations and interviews revealed that the temperature profile of apples is an important factor for the grower to take note of, because it directly impacts the quantity and quality of fruit yield. Two different apple varieties, namely Golden Delicious and Granny Smith, on three different farms were investigated. Various factors play a role in affecting the temperature profile of apples. In this study, the geographical location of farms (Kouebokkeveld, Droëhoek and Ceres valleys) is considered, along with different methods of loading, unloading and transportation on and from farms and at the centralised cold storage facility. The trade-off between the time of harvesting and the fruit quality of Golden Delicious apples also has an impact on the temperature profile of apples.
Time of harvesting apples is crucial and it is important to choose between maintaining a low temperature by harvesting in the early morning or ensuring that there are fewer bruises and thus a better quality fruit, by waiting the dew out. A key finding is that, it is not only at what time the apples are being picked, but also at what time the apples are placed under cooling conditions to remove the field heat to obtain the recommended temperature profile within 48 hours. In addition, it was identified that effective and efficient picking at the right time (especially between 07:00 and 09:00), and the transportation of the apples directly or as soon as possible after the apples came out of the orchard to the centralised cold storage facility, are key in ensuring the quality of the fruit and the temperature profile necessary for export. Another key finding is that the bins should not be left to stand in the sun after harvesting. By placing an iButton ® on the inside and on the outside of an apple, it was identified that the fruit cools down faster on the outside than on the inside. To cool the core down faster, the fruit must be put in cold storage quicker.
Implications, recommendations and future work
The timeframe for harvesting apples is 4-6 days. This meant that there was only sufficient time to conduct one trial per farm per variety. If more than one person could do the same trial (more apples per trial) on the same day, on different farms, more accurate data and conclusions could have been drawn.
The iButton ® device is sensitive and its readings spike when touched by hand, because of body heat. One possible reason for the trials indicating that the apple temperatures did not cool down to within the correct standard within 48 hours could be that the body heat that was given off whilst placing the iButton ® gave an erroneously high-temperature reading. The process of insertion takes longer than just to pick the apple, because it is necessary to first cut a hole where the iButton ® can fit and this causes a spike in temperature. To do this trial more accurately, the device must be put in faster to spend less time touching the iButton ® .
The RA cold storage rooms were opened and closed regularly, which meant that the room lost its coldness, and could explain why the fruit was not cooled to -0.5 °C within the 48 hours after picking. This identified that the apple industry needs to be aware of the effect that opening the cold storage doors in RA rooms too often is having on the temperature profile and potentially the quality of their export fruit. To further this study, temperature monitoring devices can be placed on fruit that is to be stored in a CA cold storage room, but this storage is for long-term purposes only and could mean that the data are not reachable within the timeframe required.
It would be beneficial to record the temperature readings (specifically) for each segment of the supply chain depicted in Figure 1 along with the temperature readings taken every 6 hours (shown in Figure 2 ). This would determine the contribution that each section of the supply chain has on the temperature profile of apples and would provide a better understanding of the supply chain and logistical methods that can influence the temperature profile of apples. Further research is required to determine the monetary value farmers lose if they do not pick and deliver their fruit in a certain timeframe, as well as research to determine the monetary value lost if fruit reaches maturity faster and what the quality aspects of this are.
